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Abstract 

We discuss the full electroweak one-loop corrections to the decay of the pseu- 
doscalar Higgs boson ^4° into two sfermions within the Minimal Supersymmetric 
Standard Model. In particular, we consider the sfermions of the third generation, 
ti, hi and fj, including the left-right mixing. The electroweak corrections can go up 
to ~ 15% and can therefore not be neglected. 



1 Introduction 



The Minimal Supersymmetric Standard Model (MSSM) [|I| requires five physical Higgs 
bosons: two neutral CP-even (h° and H°), one heavy neutral CP-odd (^4°), and two 
charged ones (H^) [@, 0. The existence of heavy neutral Higgs bosons would provide a 
conclusive evidence of physics beyond the SM. Therefore, searching for Higgs bosons is 
one of the main goals of future collider projects like TEVATRON, LHC or an e + e~ Linear 
Collider. 

In this talk, we consider the decay of the CP-odd Higgs boson A into two sfermions, 
A — > fi fj. The decays into sfermions can be the dominant decay modes of Higgs bosons 
in a large parameter region if the sfermions are relatively light 0, [5|. In particular, third 
generation sfermions £«, hi and f, can be much lighter than the other sfermions due to 
their large Yukawa couplings and their large left-right mixing. We have calculated the 
full electroweak corrections in the on-shell scheme and have implemented the SUSY-QCD 
corrections from 0. We will show that the electroweak corrections are significant and 
need to be included. 

At tree-level the Higgs sector depends on two parameters, for instance m^o and tan (3. 
m^o is the mass of the pseudoscalar Higgs boson A , and tan/3 = ^ is the ratio of the 
vacuum expectation values of the two neutral Higgs doublet states [0, [J. In the chargino 
and neutralino systems there are the higgsino mass parameter /i, the U(l) and SU(2) 
gaugino mass parameters M' and M , respectively. We assume that the gluino mass m g 
is related to M by m g = (a s (mj)/a 2 ) sin 2 Qy/M. 



2 Tree-level Width 

The decay width for A — > fi L depends on the left-right mixing. This mixing is described 
by the sfermion mass matrix in the left-right basis (f L , f R ), and in the mass basis (fi, $2), 
/ = t, b or f, 

m ~ afrrif \ , _. + / m I 



"j-US, 

where R{ a is a 2 x 2 rotation matrix with rotation angle 9z, which relates the mass 

eigenstates fi, i = 1, 2, (m^ < rrij 2 ) to the gauge eigenstates f a , a = L,R, by fi = R{ a f a 
and 

m j L = M 2 { q L] + (If L -e f sin 2 9 w ) cos 2(3 mf + m) , (2) 
m| = M^q £, £| — ej sin 2 ^ cos 2(3 mf + mj , (3) 
a f = Af - jj, (tan/3)~ 2/ / i . (4) 



Mq, M^, Mfj, and M^ are soft SUSY breaking masses, Af is the trilinear scalar 

Tj L and e f 



coupling parameter, P f L and e/ are the third component of the weak isospin and the 
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electric charge of the sfermion /, and 6w is the Weinberg angle. 

The mass eigenvalues and the mixing angle in terms of primary parameters are 



,2 1 (2 



/i,2 o V /l 



C0S ^/ = 77 2 ^4 2 2 (O<0/<7T), (6) 



and the trilinear breaking parameter A/ can be written as 

rrifAf = - (jn 2 ^ — m / 2 ) sin2#^ + nif ji (tan/3)~ 2/ / . (7) 
At tree-level the decay width of A — > is given by 

r tr %4° - /4-) = 4 / 1 g% 2 (8) 

with y, 2) = (x — y — z) 2 — 4yz and the colour factor Nq = 3 for squarks and Nq = 
1 for sleptons respectively. The Higgs-Sfermion-Sfermion couplings for the pseudoscalar 
Higgs boson A are given by 

^ or {down} - tyP e sfermions respectively, hf denotes the Yukawa couplings 

h t = g m t /(V2mw sin (3),hb = g mb/ [\[2m w cos (3) and h T = gm T / (\/2m w cos (3) for top, 
bottom and tau, respectively. 



3 Electroweak Corrected Decay Width 

The one-loop corrected (renormalized) amplitude G{* cri can be expressed as 

4 rcn = 4 + 6G l = 4 + 6(: u" + ^4'" + 5 4 c) > ( io ) 

where G^- denotes the tree-level A°-f i —fj coupling in terms of the on-shell parameters, 

8G{} V) and 8G$ w) are the vertex and wave-function corrections, respectively. Here we only 
show the diagrams of the vertex graphs (Fig. |l|). Note that in addition to the one-particle 
irreducible vertex graphs also one-loop induced reducible graphs with A°-Z° mixing have 
to be considered. Since all parameters in the coupling G{j have to be renormalized, the 
counter term correction reads 
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Figure 1: Vertex and photon emission diagrams relevant to the calculation of the virtual 
electroweak corrections to the decay width A — > jif r 
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The Yukawa coupling counter term can be decomposed into corrections to the electroweak 
coupling g, the masses of the fermion / and the gauge boson W and the mixing angle (3, 



6h 



f 



8_g_ frny 
g m f 



6m 



li- 



ft,/ g nif m w 

For the trilinear coupling we get with eq. (0) 

SA f S(m f A f ) 6m f 



+ 



cos 2 (3)6 tan (3 
sin 2 (3 J tan (3 



A 



f 



S(m f Aj 



m f A f 
SlrrifH 



m f 



(12) 



(13) 



cot/3] 
tan (3 I 



6m r —6m 



7: 



sin 29 j 



( 2 
+ ( m f 1 ~ m 



I) cos 29 f 69 f . 



(14) 



In the on-shell scheme the renormalization condition for the electroweak gauge boson 
sector reads 



6_g 
9 



6e 
e 



6m 



5m; 



(15) 



tan 2 9 W \ m w m z t 

with my/ and mz fixed as well as the fermion and sfermion masses as the physical (pole) 
masses. For tan/3 we use the condition J7[ ImII^o^o(m 2 i ) = which gives the counter 
term 

6 tan (3 1 



ImIl y 4o z o(m A o). 



(16) 

where it enters 



22 



tan/3 mz sin 2/3 

The higgsino mass parameter /i is renormalized in the chargino sector 
in the 22-element of the chargino mass matrix X, 

y ( M \f2my/sinf3 \ „ /t .„, 

\ y/2m w cos /3 

and the counter term of the sfermion mixing angle, 69j, is fixed such that it cancels the 
anti-hermitian part of the sfermion wave-function corrections || TO | , 

1 f^f 1 
4 



(17) 
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n{ 2 (m 2 ?2 ) + 



The one-loop corrected decay width is then given by 

NL K(mL,m| , m 2 f ) 

Ji J 3 



T(A»^frl) 



16 7rm^ 



\G f ij \ 2 + 2Re(G{ j -6G{ j 



(19) 



The infrared divergences in eq. ( |i~9"|) are cancelled by the inclusion of real photon emission, 

see the last two Feynman diagrams of Fig. |l[ The decay width of A°(p) — > fi(ki)+fj(k2) + 
7(/c 3 ) can be written as 



r(j4°->/4 7 ) 



(ee/) 2 ^|G 
16 7r 3 m^o 



-m; 



(20) 
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with the phase-space integrals I n and /„ 



d 3 h d 3 k 2 d 3 k 



3 , 4 



defined as ill 
- fa- fa 



1 



(21) 



7T- J 2E l 2E 2 2E 3 ' ^ (2fak h + A 2 ) . . . (2fak in + A 2 ) 

The corrected (UV- and IR-convergent) decay width is then given by 

r corr (A 0^ = r{A 0^ f ~J^ +r{A 0^fJ jlh (22) 

Mf T . = MfS. = Mr 



Mg 3 for the first, second and third 



In the following numerical examples, we assume Mq i 

M Q ee Mq 3 = §il% 3 = ±M &3 = M U 

generation soft SUSY breaking masses and A = A t = Af, = A T . We take m t = 175 GeV 

m b = 5 GeV, m z = 91.2 GeV, m w = 80 GeV and sin 2 9 W = 0.23 for Standard Model 

5 

values and the gaugino unification relation M' = - tan 2 Qy^M. 

3 

In 

Fig. we show the m^o -dependence of the relative correction to A — > tit 2 , separated 
into leading Yukawa and the remaining electroweak corrections using tan/3 = 7 and 
{Mq v Mq, A, M, fi} = {1500, 300, -500, 120, -260} GeV as input parameters. As can be 
seen for larger values of m^o, the remaining electroweak corrections can become bigger 
than the leading Yukawa corrections and need to be included. 
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Figure 2: Relative corrections to A —> tit 2 , separated into leading Yukawa (black dashed 
line) and the remaining electroweak (blue dash-dotted line) corrections. The green solid 
line corresponds to the full electroweak corrections. 

In Fig. 0, in addition to the tree-level and electroweak corrected decay width for A — > t\t 2 
we have also included SUSY-QCD corrections from ||. As input set we have taken the 
same parameters as in Fig. |2|. Note that the electroweak corrections can be of the same 
size as the QCD corrections. 

In Fig. [| we show the tree-level (black dash-dotted line), the full electroweak (green 
dashed line) and the full one-loop corrected (electroweak and SUSY-QCD, red solid line) 
decay width of A — * tit 2 as a function of A. As can be seen electroweak corrections do 
not strongly depend on the parameter A and are almost constant about 8%. As input 
parameters we have chosen the values given above and m^o = 700 GeV. 
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Figure 3: Tree-level (black dash-dotted line), full electroweak corrected (green dashed 
line) and full one-loop (electroweak and SUSY-QCD) corrected (red solid line) decay 
width of A -»■ M 2 - 
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Figure 4: A-dependence of tree-level (black dash-dotted line), full electroweak corrected 
(green dashed line) and full one-loop (electroweak and SUSY-QCD) corrected (red solid 
line) decay width of A — > tit 2 . The gray area is excluded by phenomenology. 

4 Conclusions 

In conclusion, we have calculated the full electroweak one-loop corrections to A — >• tfa- 
We found that in a wide region of parameter space electroweak corrections can go beyond 
10% and therefore have to be included. 
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